A mutation designated spsA1 has been induced in the putrescine (puA2) auxotroph of Aspergillus nidulans which enables this mutant to grow on low concentrations of spermidine in place of putrescine. In addition, the spsA1 mutant, irrespective of putrescine requirement, is abnormally sensitive to high concentrations of spermidine, spermine or the polyamine analogue methylglyoxal bis(guany1hydrazone). When spsAl strains are grown on medium containing spermidine, uptake of the polyamine continues at a high level for a longer period than in the wild-type and leads to a doubled intracellular spermidine pool. A similar increase in the intracellular spermine pool results from growth on spermine.
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Mutant isolation.
A dense conidial suspension of the biAl ;puA2 strain was treated with nitrous acid (Siddiqi, 1962) to give a 45% survival rate. The mutagenized conidia were plated at suitable dilutions on minimal medium supplemented with biotin and 0-06 mhf-spermidine; the colonies which grew after 2-3 d incubation at 37 "C were isolated, purified and classified by stab inoculation on to appropriate media.
Polyamine uptake assays. The 5 min uptake assays from 3 mM 14C-labelled polyamine solutions were carried out as described by Spathas et al. (1982) . For the longer term uptake experiment (Fig. 2 ) the following modifications were made to the procedure. The mycelium was grown for 17 h as previously and was then decanted into fresh medium containing 10 mM-nitrate for a further hour, and the uptake assays were also made in this medium. For this purpose the culture was divided into 5 ml samples containing approximately 80 mg wet weight of mycelium, and shaken in 25 ml flasks in a 30 "C water bath. After addition of [14C]spermidine and incubation for the appropriate time, the mycelium was filtered and washed as before, but was then air-dried before weighing. The radioactivity was counted in Biofluor scintillation fluid (New England Nuclear).
Cellpolyaminepools. Mycelium was grown, as for the uptake assays, in 10 mwnitrate medium shaking cultures for 17 h at 30 "C and was then shaken for a further 3 h in the specified treatment medium (Table 3 ). The mycelium was filtered off, washed and freeze-dried. The polyamines in the freeze-dried material were then extracted, dansylated and separated on silica gel thin layer chromatograms by the method of Dion & Herbst (1970) . Quantitative assays were obtained by scraping off individual fluorescent spots on the chromatograms, eluting the silica gel with ethylacetate/cyclohexane (2 : 3, v/v) and assaying the fluorescence in comparison with dansylated polyamine standards using a Fluoripoint fluorimeter.
RESULTS
Isolation and properties of mutants
We have isolated by mutagenesis of the biAl ;puA2 putrescine auxotroph a number of strains which were able to grow on low concentrations of spermidine in place of putrescine. Only one of these has been studied in detail: its phenotype was found to be due to a mutation, designated spaAI which was also shown to confer sensitivity to higher concentrations of spermidine (Table  1 and Fig. 1 ). As a result of this mutation the biAI;puA2;spsAl strain can grow on 0.06 mMspermidine, but 10 mM-spermidine,which is the concentration required to support the growth of the biAI;puA2 parent strain, is inhibitory to the new mutant, as it is to a biA1;spsAl recombinant obtained by outcrossing to remove the putrescine requirement. In order to check that fhe two properties of spsAI strains were due to a single mutation, 20 spermidine-sensitive, putrescine-requiring segregants were picked from crosses in which biAl ;puAZ;spsAI was one of the parents: all retained the ability to grow on 0.06 mM-spermidine in place of putrescine. Figure 1 also illustrates the effect of spermine on these strains. Spermine alone did not effectively support the growth of either puA2 or puA2;spsAI strains, but it did have a sparing effect on the utilization of putrescine or spermidine, and this effect is enhanced in the spsAl mutant. Spermine, like spermidine is also toxic to spsAl strains at high concentration.
Another class of mutants, one example of which is shown under the designation spd-6 in Table  1 , also gave some growth on low spermidine concentrations, but was not inhibited by high spermidine. This could be due to a less extreme allele of spsAl or a mutant at a different locus.
The response of spsA I strains to both high and low polyamine concentrations shown in Table  1 was unaltered if the nitrogen source (10 mwnitrate) was replaced by 10 mM concentrations of nitrite, alanine, glutamate, asparagine, proline, arginine or by nitrate up to 70 mM or urea up to 100 mM. However, 10 mM-ammonium prevented the growth of puA2;spsAI and puA2 spd-6 strains on low spermidine Concentrations (Table 2 ) and 10 mM-methylammonium or 70 mMnitrate plus 1 mM-ammonium had a similar effect. Higher ammonium concentrations (or nitrate plus ammonium combinations) were required to reverse the toxicity of spermidine to spsAI. High salt (1 M-KC~ and 0-7 M-NaH2 PO4 were tested) had similar effects. None of these medium modifications affected the response of the puA2 strain to spermidine, nor did they prevent the growth of puA2, or the mutants derived from it on putrescine.
Putrescine is a moderately effective nitrogen source for A . nidulans while spermidine and spermine are not (Spathas et al., 1983) . This situation is unchanged in spsAI strains, and the utilization of putrescine as nitrogen source is unaffected by salt concentration.
The putrescine analogue MGBG has two effects: at 1 mM concentrations, it prevents the growth of puA2 strains on 0.06 mwputrescine, whether or not they carry spsAI or spd-6. This inhibition is apparently competitive since it is reversed by higher concentrations of putrescine. In addition, 10 mM-MGBG prevents the growth of all spsAI and spd-6 strains whether they carry puA2 or not, and 10 mwputrescine does not reverse this inhibition. Thus while spsAI and spd-6 strains differ in that high spermidine concentrations are toxic only to the former, the mutants are similar in their sensitivity to MGBG, which means that both mutants can be classified in the absence of putrescine requirement. A variety of comparisons were made between three biAI;wA2;spsAl and three biAI ;wA2;spsA+ segregants from a cross between biAl ;puAZ;spsAI and a white strain (G 128). The growth rate of the spsAl segregants in shaken liquid culture was a significant 18% slower than spsA+ segregants and no consistent variation was found within each group. These strains were also tested for sensitivity to a number of compounds diagnostic of glutathione deficiency in Escherichia coli (Murata & Kimura, 1982) since glutathione is one of the substances which complex with polyamines (Tabor & Tabor, 1970 responded similarly to methyl glyoxal and 8-hydroxyquinoline, but mycelial growth of spsA1 was more retarded than the wild-type on solid media containing 8 pg mercuric chloride ml-l. This result, however was easily obscured by the failure of conidia of either genotype to germinate on this concentration of inhibitor.
Mapping spsA1
In a diploid with master strain E (McCully & Forbes, 1965) , the spsAI mutant is recessive with respect to spermidine toxicity. Haploidization of this diploid showed that spsAl is in linkage group I11 and meiotic mapping located it between galE and cnxH at a distance of 23 4% from the former and 16 & 3% from the latter (Clutterbuck, 1982) .
Polyamine uptake
Differences between spsA1 and the wild-type in short term uptake (5 min) were investigated under a variety of conditions. Spathas et al. (1982) found that nitrogen-starved mycelium gave the highest polyamine uptake rates and investigations showed that for mycelium treated under nitrogen starvation for 3 h, spsA1 had a 12% greater spermidine uptake rate than the wild-type. However, similarly increased rates were found for both spermine and putrescine although spermidine and putrescine are believed to be taken up independently (Spathas et al., 1982) . Further investigations of uptake kinetics of wild-type and mutant after nitrogen starvation or growth on standard nitrate-glucose medium failed to establish significant differences. Part of this failure was due to inconsistency of results, but it could be concluded that neither the K , nor the Vmax for spermidine uptake differed greatly between the strains. Younger cultures (10 h instead of 16 h) gave similar results.
Much greater differences were obtained in a series of experiments using longer uptake times, one of which is shown in Fig. 2 . This shows that while uptake rates of the two strains from 0.6 mM-spermidhe were very similar at 10 min, the rate for spsA declined much less rapidly than that of the wild-type.
Cell polyamine pools
Polyamine pools were measured in mycelium treated in various ways known to affect the growth of spsA1 strains in plate tests. The results (Table 3) show no evidence of different pool sizes in wild-type and mutant except where polyamines, particularly spermidine or spermine were present in the medium. The clearest result comes from treatment (6) in which the mycelium was washed with 0-05 M-HC~ to remove adhering polyamines. Repeated experiments consistently gave a spermidine pool in the spsA1 strain double that in the wild-type. Treatments (4) and (5) confirm that spermidine and spermine pools behave similarly although the estimates include adhered polyamines. Mycelium was grown in minimal medium containing 10 mwnitrate and uptake of [14C]spermidine, provided at 0.6 mM concentration, was assayed in the same medium. Each point represents one assay. Table 3 . Cell polyamine pools in A . nidulans wild-type and spsAI mutant
Mycelium was grown in 10 mM-nitrate medium for 17 h and transferred to treatment medium for 3 h before assay of polyamines. Results for treatment 6 are the means of four estimations, and for treatment 5, two estimations, the remainder are single estimates.
Cell polyamine pools [pmol (g dry wt)-'] 1869
Putrescine Spermidine -- Comparisons of mycelial dry weight and exhaustively blotted wet weight suggest that there is 2-5 g of internal water per gram of dry weight, from which it can be calculated that the internal spermidine concentration may be elevated by growth on spermidine medium from 3 mM to 12 m M in the wild-type and to 25 mM in the spsAI strain. Even larger differences in internal spermine concentration may be inferred from treatment (5).
DISCUSSION
A striking feature of the spsAI mutant is that, in addition to its ability to use spermidine at low concentrations in place of putrescine, it is inhibited by high spermidine concentrations which are tolerated by the wild-type. It is also inhibited by spermine and the polyamine analogue MGBG. Excessive exogenous polyamines are toxic to many bacteria, possibly because of their ability to form complexes with anionic cellular components or possibly because of conversion to toxic oxidation products (see Bachrach, 1973) .
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Both the ability to utilize spermidine at low concentrations and the toxicity of high concentrations are antagonized by ammonium, and to a lesser extent, nitrate ions. This suggests that spermidine uptake is inhibited and/or repressed by these nitrogen sources as it is in the wildtype (Spathas er al., 1982) . The similar effects of high salt concentrations may indicate a reduction of uptake and lowering of internal pool sizes as in a number of other organisms (Munro et af., 1972 (Munro et af., , 1975 .
It is still uncertain whether the uptake mechanism itself is altered in spsAI, but it is apparent from the longer term uptake experiments that the rate of spermidine accumulation declines less rapidly in the mutant than in the wild-type. There are a number of possible explanations for this. The uptake system could be relatively insensitive to feedback inhibition (or repression of synthesis) by internal polyamines, or the polyamines could fail to be converted to a form active in such feedback. On the other hand, the polyamines accumulated by spsAI could be rapidly metabolized by degradation or complex formation. This seems unlikely, however, unless the complex is very labile, since spsAl was originally selected for utilization of low concentrations of spermidine in place of endogenously synthesized polyamines. Moreover, it was apparent in the 3 h accumulation experiments (Table 3) that the material taken up still behaves chromatographically as spermidine. Finally, it was suggested by Spathas et al. (1982) that exogenous polyamines may go into a separate cellular compartment which is less metabolically available than that synthesized from putrescine. If the exogenously derived compartment also regulates further uptake, all the features of spaAI could readily be explained by the hypothesis that transfer from the exogenous to the metabolic pool is accelerated in the mutant.
While it has been shown that a putrescine auxotroph can grow on low concentrations of spermidine if uptake is enhanced by the presence of a second mutation, it should be noted that this does not rule out the second possibility mentioned in the introduction -that putrescine may be required for a separate function of its own. If spermidine can be degraded, perhaps inefficiently, to putrescine, the higher intracellular concentrations of spermidine made possible by spsAf may be necessary mainly in order to force this back-reaction.
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